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Individual time preference determines schooling enrolment. Moreover, smoking behavior in 
early ages has been shown to be highly related to time preference rates. Accordingly, we use 
smoking at age 16 as an instrument for schooling in order to cope with ability bias in a returns 
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1.  Introduction 
 
The estimation of returns to education suffers from a typical problem of evaluation 
research: as an individual cannot be observed in the counterfactual situation with different 
educational attainment, wages of different persons with similar characteristics  - but different 
schooling  - have to be compared. However, forward looking individuals will choose the 
optimal amount of schooling based on potential earnings and costs of schooling, leading to an 
endogeneity problem of the schooling variable. A particular concern is "ability  bias": 
individuals with high ability may choose more years of schooling. If ability as such fosters 
earnings, the OLS returns to education can be seriously overestimated. 
Apart from controlling in the wage regression for ability by IQ and other test-based 
measures, researchers have increasingly used instrumental variables estimates to cope with 
the ability bias.
1 Often variables are used as instruments who represent taste for schooling, the 
discount rate or budget constraints of the individuals. Whereas educational costs (distance-to-
college, tuition costs, liquidity constraints caused by wars, etc.) have been extensively 
discussed, direct reliance on discount rates is rare
2. Evans and Montgomery (1994) as well as 
Chevalier and Walker (1999) suggest that smoking habits are a good predictor for discount 
rates and use them as instruments for schooling. This goes back to the analysis of Fuchs 
(1982) who found that health habits like smoking are related to implicit and explicit discount 
rates. 
In this paper we pursue a similar strategy for Austria. Our results are the first IV-
estimates on returns to education for Austria. Moreover, we use smoking habits at a very early 
stage in life -  age 16 – , an age, where actually schooling decisions are taken. 
 
 
1.  Schooling choice and ability bias 
 
In the following we present an adaptation of Card´s (1999) model for the choice of 
schooling. Individuals will invest in schooling until the marginal return in discounted future 
incomes equates to marginal costs of schooling. 
For simplicity assume that individuals earn and pay nothing while in school and get 
) (S g y =  per year thereafter. With r as the discount rate and S as years of education, 
individuals maximize the discounted present value of future earnings:  
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In logs we can present the problem as a utility function approach in y and S 
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The optimal level of schooling is defined by the first order condition 
 









Marginal returns and marginal costs can be individual specific and be determined by 
observable characteristics vectors X and Z. 
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Here, marginal returns decline with schooling, whereas marginal costs are determined by the 
individual discount rate r i  - directly from (2). We get an explicit solution for the optimal level 
of schooling: 
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A typical Mincerian earnings function with schooling and age as a proxy for work experience 
would look like 
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The potential ability bias is now evident because individuals base their schooling decision 
on individual returns b i in equation (4). If b i has a direct  – positive  - influence on earnings, 
                                                                                                                                                                                                           
2 Belzil and Hansen (1999) use a dynamic programming model to look at subjective discount rates.   5
OLS estimates will be biased upwards. The available information on smoking habits gives us 
an instrumental variables strategy, because smoking is highly correlated with the discount 
rate, but it does not influence earnings prospects directly, i. e. smoking is part of Z but not of 
X. Explaining schooling only by Z, therefore, gives us variation in schooling which is 
orthogonal to ability which eliminates the ability bias. 
Fuchs (1982) found that health habits like smoking are correlated with schooling even 
controlling for income.
3 Moreover, he showed  that the time preference rate  - obtained by a 
questionnaire with hypothetical situations involving different sums of money at different 
points in time  - correlated positively with smoking habits, even  controlling for schooling. The 
exclusion restriction  - why smoking has no direct influence on earnings  - is impossible to 
prove directly. Ault et al (1991) present evidence that smokers are not more absent from work 
than non-smokers. On the other hand, Levine et al (1997) show for NLSY data that smokers 
do in fact have between 4 -8% lower wages. Because of evident collinearity between smoking 
and schooling variables this is not a conclusive test of the exclusion restriction. Moreover, in 
our empirical analysis we use smoking at age 16, which should in any case  be uncorrelated 
with current earnings. 
 
 
2.  Data and results 
 
We use male workers from the Austrian Mikrozensus 1997 - a quarterly 1% sample of the 
Austrian population.
4 We use the parsimonious specification (7) for estimation, which 
includes no potentially e ndogenous regressors except schooling. Wages are net hourly wages. 
Table 1 presents OLS results along with several variants of instrumental variables estimates. 
The OLS model yields a return to education of 5.6% per year, which is somewhat lower than 
comparable results for Austria, because we use age here instead of potential experience. 
In column (2) we use information about smoking habits at age 16 of the individual to 
construct a dummy instrumental variable for years of schooling. 24.8% of males smoked a t 
that age. Returns to education are lower, but imprecisely estimated. Having smoked at age 16 
reduces educational attainment by 0.44 years. As our sample contains different cohorts, and 
information about smoking risks was not so widespread in the earlier  years we proceed by 
introducing a cohort dummy for those born after 1952 and interact it with the smoking 
                                                                 
3 Evans and Montgomery (1994) present results for larger data sets as Fuchs (1982) used and strongly confirm 
his findings. 
4 See Fersterer and Winter-Ebmer (1999) for a more comprehensive analysis of returns to education in Austria.   6
indicator.
5 Now we get a return to education of 5.3% - very close to the OLS result - which is 
now very precisely estimated (column (3)). Whereas teenage smokers who were born before 
1952 have 0.22 less years of schooling, smokers born after 1952 quit schooling 0.53 years 
earlier  - always compared to non-smokers. As more information on smoking risks was 
available, the decisions of the younger cohorts are more likely to reflect discount rate 
differences. 
A major problem of the instrumental variables approach is that smoking habits could in 
turn be caused by education itself. More highly educated individuals could have more 
information and therefore refrain from smoking. This problem is mitigated because we use 
age 16 as our smoking indicator, an age where most workers were still in school. Moreover, if 
there is a knowledge effect of education on smoking behavior, it should show up in changes in 
smoking among those with more education after age 16. For those who acquire more 
education but do not change smoking behavior, the knowledge effect must be limited.
6 In 
columns (4) and (5) we therefore concentrate on persons who did not change their smoking 
habits since age 16. Regardless of the inclusion of cohort interactions, we get a return to 
education of 5% which is 10 percent below the OLS return. 
For comparison, in columns (6) and (7) we present results using current smoking behavior 
as instruments. Here, five indicators for smoking intensity
7 are available. Using current 
smoking results in considerably higher returns to education. For several reasons these results 
are not reliable. If smoking is a normal good, current smoking can be influenced by current 
income. As shown by Levine et al (1997) (current) smokers may face lower wages, thus 
invalidating the exclusion restriction. Finally, current smoking behavior is not necessarily 
related to the schooling decision taken many years in the past. In fact, the over-identification 
test shown at the bottom of Table 1 rejects instrumental validity clearly in both cases. This is 
not the case for the other instruments: in columns (3) and (5) the over-id test cannot reject the 
null of validity of the instruments. 
In the bottom panel we also present further information concerning our instrumental 
variables estimates. The marginal R
2 gives the marginal contribution of our instrument(s) to 
R
2 after including the other exogenous variables. The marginal R
2 between 0.008 and 0.034 is 
relatively low, but F -tests show that the instruments are highly significant in all first stage 
regressions. Finally a Hausman exogeneity test is performed to check if the IV-results are 
                                                                 
5 The dummy for 1952 coincides also with the lengthening of compulsory schooling in 1966 from 8 to 9 years. 
We experimented also with other dates and two cohort interactions, and got very similar results. 
6 See also Evans and Montgomery (1994, p. 24). 
7 Daily, regularly, from time to time, former smoker, non-smoker. Similar results were also received by using 
daily consumption of cigarettes as instruments.   7
significantly different from the OLS estimates. In all cases except column (6) they are not 
significantly different. 
 
3.  Interpretation 
 
In our instrumental variables estimates we find slightly lower returns to education in 
Austria as compared to OLS. This is as expected, if IV methods are to correct for ability bias. 
Other researchers using also smoking as an instrument find slightly higher (Evans and 
Montgomery, 1994) and substantially higher returns (Chevalier and Walker, 1999). In some 
studies higher IV returns are reconciled by arguing that the instrument affects schooling only 
at the lower end of the schooling distribution (Card, 1999, Ichino and Winter-Ebmer, 1998),
8 
i.e.  a Local Average Treatment Effect interpretation of IV estimates (Imbens and Angrist, 
1994).  This would mean that IV is measuring the returns to education for those people  who 
change educational attainment in case they have  a higher (lower) discount rate (the 
compliers).  But this does not necessarily mean that we are measuring returns  for individuals 
with  inherently  high discount rates and that we should  expect,  therefore,  high returns. To be 
specific: IV measures the return to education by comparing wage levels of low and high 
discount rate individuals and dividing by the schooling difference of the two groups. 
There is one problem which might impair this interpretation. If the discount rates are 
sensible to borrowing constraints, individuals from low income families might have higher 
discount rates. For a fifth of our sample we have information on parental background. We 
included four dummies for father´s education in the wage equation to control for parental 
background. In a regression corresponding to our preferred specification (column (5) in Table 
1) we get returns of 0.058 (0.033 standard errors), very close to the results without family 
background.
9 Controlling for family background, therefore, does not change our basic 
conclusions, that ability bias is not a big problem in Austria. 
 
                                                                 
8 See Ichino and Winter-Ebmer (1999) for an attempt to bound returns to education from below and above by 
using different instruments. 
9 Most other specifications are imprecisely estimated because of low sample size.   8
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Table 1: Instrumental variable estimates 1997  
 
  OLS  Two-Stage Least Square Estimates 
Instruments used     Smoked at  
Age 16 
Smoked at Age 16, 
born after 1952 
Interaction 
Smoked at  
Age 16 
a) 
Smoked at Age 16, 
born after 1952 
Interaction 
a) 
Current Smoking  
b) 
Current Smoking, 
born after 1952 
Interaction 
b) 
  (1)  (2)  (3)  (4)  (5)  (6)  (7) 



























































R-sq. adj.  0.276  0.254  0.276  0.266  0.266  0.237  0.267 
First Stage               
Marginal R-square
c)    0.008  0.025  0.010  0.028  0.016  0.034 
Hausman (p-value)    0.314  0.861  0.820  0.710  0.054  0.147 
Overid (p-value)    --  0.351  --  0.992  0.001  0.002 
# Obs.  4302  4302  4302  3537  3537  4302  4302 
Note: Standard errors in parenthesis 
a) without former smokers 
b) The following indicators are used: daily, regularly, from time to time, former smoker, non-smoker 
c) F-tests of joint significance of the instruments are highly significant in all cases. 